.
The most extreme example of a biological β prior generated by interfacing incoming visual signals with an inherited, biological, mechanism is that of colour vision. It is common knowledge that the colour category to which objects and surfaces belong do not change with fairly wide ranging changes in the wavelength-energy composition of the light in which they are viewed [4] [6], a phenomenon generally referred to as colour constancy. We prefer to use the term "constant colour category", because the hue (shade) of colour of a given surface or object does change with changes in the wavelength-energy composition of the light in which it is viewed, even if the colour category to which it belongs does not [7] .
The distinction between colour and colour category is important for the experiments described in this paper, in which we set out to learn the extent of variability in the experience of colour categories when individuals of different ethnic and cultural backgrounds view the same stimuli under the same conditions. Our present paper is a further step in a broader experimental one, which aims to address the degree of variability produced in individuals when their experience is the product of interfacing the incoming visual signals with inherited and acquired brain concepts. The first study addressed the question of the biological basis of mathematical beauty [8] .
No one has determined the precise concept, in neural terms, which the brain uses to We constructed and used two Mondrian displays, and subjects had to match the colours in each (see Figure 1) to Munsell chips. Eight test patches were selected in each display, based on their proximity in CIELAB colour space (mean Δ E00 = 5.5, SD = 3.4, see Figure S1 ) to the centroids of the proposed basic colour categories in English: Blue, Brown, Green, Orange, Purple, Red, Turquoise and Yellow, as identified by an online colour naming experiment [14] . In the following description, each of the test patches will be referred to by the colour names given above (Figure 1) although in the experiments subjects did not use language but merely matched the patch to the Munsell chips. Both Mondrian displays included the same eight test colour patches but in different configurations; in both, each patch subtended 8.25º x 6º
and the surrounding patches extended more than 10º in all directions.
The Mondrian displays were illuminated by three carousel projectors (Kodak Ektagraphic B-2AR), equipped with ELH 120V 300W bulbs, rheostats and three gelatine filters passing long-, middle-, and short-wave light, respectively; the filters had been specially manufactured for Zeki's experiments by Edwin Land [17] . The long-wave filter transmitted light in the range of 592nm to the long end of the visible spectrum with a peak transmittance greater than 660nm. The transmittance of the middle-wave filter was in the range 492-580nm (peak 528nm) while the short-wave filter transmitted light in the range 386-493nm (peak 432 nm) with a secondary peak at 700nm. Each projector was equipped with a separate rheostat and shutter, thus enabling the intensity of light coming from each to be adjusted separately. ) separately for each projector using a PR-670 telespectroradiometer ( Figure 2 ). We also report the stimulus specifications for each test patch in 10 o relative cone excitation units [18] in Supplementary Figure S2 . The consistency of the ratios was checked before each experimental session. 
The Munsell Chips
Under the illumination conditions specified above, subjects were asked to match the colour of the nominated patches with one of the 44 colour chips from the Munsell Book of Color (Glossy Collection, M40115). The 40 hues of the Munsell set were selected to have the maximum available chroma (saturation) and variable Value (lightness) levels. For the yellow to red hues we also added four darker stimuli (Munsell 2.5YR to 10YR) because there were no brown or yellow chips at the same Value level (see Figure 3 and Supplementary Table S1 for the full specifications of the chips). The order of the chips was randomised and displayed on an annulus at a constant eccentricity of 10º visual angle; they were presented against a mid-neutral grey surround inside a viewing booth illuminated by two GrafiLite daylight simulators (CIE 1931 x=0.327, y=0.339).
Colour Matching Procedure
Participants had to match the colour of the eight test patches in each Mondrian display with the Munsell chip that, to them, was closest in colour to the patch under examination. The viewing booth with the Munsell chips was placed on a desk at a distance of 60cm from the observers. After adjusting the rheostats of the projectors to make each patch reflect the (same) amounts of long-, middle-, and short-wave light (given above), all three projectors were switched on to illuminate the entire Mondrian display, while the two daylight simulators were switched on to illuminate the 44
Munsell chips. Participants performed the successive colour matching tasks without time limit but, in practice, each trial took less than 1 minute. The procedure was repeated twice for each test patch using the two different Mondrian displays of Figure   1 to measure the reliability of the responses, thus giving a total of 16 trials per subject.
Any remaining light sources in the experimental room were eliminated.
Classification of hues into lexical colour categories
The exact hue or shade of a coloured surface varies under different conditions of illumination while its colour category remains constant [7] . We classified the hues of the chips chosen by the subjects into different lexical categories, based on a probabilistic colour naming model [19] . In Figure 3 , we show the Munsell chips of our comparison stimuli assigned to the most likely colour names. The patches with the lowest hue variance in their matched Munsell chips were red followed by yellow, orange and brown. The highest variability was observed for purple followed by blue, turquoise and green. Thus, the variability in colour matching responses is lower for reddish than bluish colours (r = 0.94, n = 8, p < 0.0005); this reflects the smaller perceptual extents of categories in the warm region (in terms of steps leading to a change in hue), than in the cool region of colour space [14] . 
Δ Ε
00=2.23, respectively) and the smallest for the yellow patch (ΔΕ00=1.08). The variance for the purple patch was also wider for display 1 than for display 2, presumably because the former purple patch was surrounded by darker neighbouring patches (see patches 5 in Figure 1 ). Figure 4 .
Figure 5. Variability of colour matching responses for each of the eight test patches for Mondrian display 1 (white) and Mondrian display 2 (black). Conventions as in
The above description applies to hues of the Munsell chips; we were in fact more interested in the variability of colour categories, because it is the colour category rather than the hue that remains constant [7] . In Figure 6 , we convert the matches given in terms of the Munsell chips into lexical categories. There is no variability for matching the red, yellow, brown and green patches to their corresponding Munsell categories and high consistency for purple, orange, blue and turquoise. Despite the larger variability for the turquoise compared to the other patches, the allocation with regard to the same colour category in terms of Munsell chips was significant (χ 2 4.05 , p= 0.04, using Yate's correction), from which it follows that all the above matches were also significant. Our results are summarized in Figure 7 , which shows that of a total of 320 responses, 92% allocated the test patches of the Mondrian displays to the Munsell chips belonging to the same category while 8% were matched to chips belonging to other, but closely neighbouring, colour categories (χ 2 = 448.9, p < 0.0001). 
The experiments reported here constitute part of a series in which we explore judgments that can reasonably be accounted for by supposing that they are based on biologically inherited concepts or mechanisms and are thus distinct from post-natally acquired ones [2] . Certain characteristics facilitate the categorization of experiences or judgments as being based predominantly or even exclusively on biologically inherited concepts. Prominent among these is a lesser variability between subjects, even those belonging to different races and cultures, when making judgments based on inherited concepts [3] . The consequence of this more restricted variability is that the individual making a judgment based on inherited concepts is more entitled to assume that his or her judgment has universal validity and assent. This has so far been found to be true for aesthetic judgments of portraits and landscapes [20] as well as mathematical formulae experienced as beautiful [8] , all of which we consider to belong to the biological category. Aesthetic judgments based on such concepts are characterized by lesser variability in judgment ratings compared to aesthetic judgments of man-made artefacts such as buildings (which are more likely to be interfaced through synthetic concepts). In the work reported here, we extend this approach to colour vision.
Colour Categorization is dictated by inherited programmes or concepts
Colour is perhaps the most extreme example of an experience that is dictated by an inherited brain concept. We refer to this concept, based largely on the work of Edwin
Land and his colleagues, as a ratio-taking concept (although one could equally refer to it as a brain mechanism or programme). Specifically, the concept is one in which light of any waveband reflected from a surface is compared with light of the same waveband reflected from surrounding surfaces, and a ratio between the two taken.
Although Land supposed that this is done three times, for long-, middle-and shortwave light, it is equally possible that it is done many times for lights of many different wavebands. The net result of these operations is that colour perception becomes largely independent of the continuous fluctuations in the wavelength-energy composition of the light reflected from a surface, thus leading to a perceptual importance in classifying colours in terms of language, we believe that the classification according to colour categories is not dependent upon language and experience. Supporting evidence for this comes from the ability of children and monkeys to categorize colours much like adult humans [22] [23] [24] .
That the ratio taking operation we describe above, or some other computational paradigm very similar to it, should lead to constant colour categories raises interesting questions from a Bayesian point of view [3] . Specifically, a colour category can never become a posterior; it is always a prior. This is because, no matter what the wavelength energy composition of the light reflected from, say, a green patch, it will always belong to the green category. Only the hues within that patch can become posteriors which can then act as priors for the generation of other (posterior) hues but ones which belong to the same colour category.
Conclusion
In summary, there was a trivial variability in assigning colours to different categories by subjects of different ethnic and cultural origins. This is a pointer to an important principle of the organization of the sensory brain, at least in terms of colour vision, namely that there is a very significant similarity in the inherited computational mechanisms for generating colour categories in all humans. Figure S1 . Centroids of colour names (circles) reported by Mylonas & MacDonald (2016) and test patches of Color-aid papers (squares) in CIELAB. 
